Hydroxylamine D erivatives, Photorespiration, Enzyme Conform ation, W arburg Effect, Tobacco M utant 0-(/?-nitrophenyl)-hydroxylam ine affects the size of the W arburg effect m easured in leaves of the tobacco aurea m utant Su/su. If leaves are treated with a ltT 5 m aqueous solution of the hydroxylamine derivative the W arburg effect which is usually very high in this m utant, is practical ly reduced to zero. Thus, if in the control (the untreated leaf) the W arburg effect consists in an enhancem ent of C 0 2-fixation from 270 ^imol C O ; fixed m g -c h lo ro p h y ll' -h _1 under 21% oxygen partial pressure to 530 ^.mol C 0 2 fixed • mg C hi-1 • h " 1 under 3% oxygen, the treated sample yields the maximal rate of photosynthesis already under 21% oxygen partial pressure. A t concentrations around 10"4 m the com pound is toxic to the plants and inhibits C 0 2 fixation substantially. A second hydroxylamine derivative used in this study has an additional methyl group in the ortho position to the -O -N H 2 group. This compound is already toxic to the plant at concentrations around 10~5 m at which 0-(p-nitrophenyl)-hydroxylam ine optimally enhances C 0 2 fixation at norm al oxygen partial pressure. From our studies it appears that 0-(p-nitrophenyl)-hydroxylamine binds to ribulose-l,5-bisphosphate carboxylase inducing a conform ational change of the enzyme. This is concluded from the observation that a monospecific antiserum to ribulose-1.5-bisphosphate carboxylase is exhausted at considerably higher enzyme concentrations when the enzyme has been treated with the hydroxylamine derivative prior to the antiserum addition. The observation is interpreted as being due to a conformational change induced by the com pound, leaving less antigenic determ inants accessible in the enzyme surface, when compared to the untreated control. The inhibition of photosynthetic C O : fixation at high concentrations of both hydroxylamine derivative studied is due to the inhibition of photosynthetic electron transport on the donor side of photosystem II, a phenom enon which is known already for unsubstituted hydroxylamine from the literature. The inhibition of electron transport on the donor side is deduced from an analysis of fluorescence rise kinetics at room tem perature.
In tro d u ctio n P h o toresp iratio n is a w asteful process occurring in C 3 plants in which freshly fixed C 0 2 is given back to th e am bient atm osphere and at the sam e tim e oxygen is tak en up. T he p h en o m enon is caused by the oxy genase function of the C 0 2-fixing enzym e ribulose-1,5-bisphosphate carboxylase. It is com m on know ledge th at p h o to resp ira tio n app ears suppressed at high C 0 2 partial pressure or at low 0 2 partial p ressu re, a fact which show s th at th e p h o to resp ira tion is regulated by the affinity of this bifunctional Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0341 -0382/87/0700 -0965 $01.30/0 enzym e tow ards its su b strates C 0 2 and 0 2. A s the affinity of a given enzym e tow ards its su b strate d epends on the en zy m e's co n fo rm atio n , we have studied changes in su b strate affinity of the enzym e " R ubisco" tow ards its su b strates C 0 2 and 0 2, in the presence of artificial effector m olecules. M ore than seven years ago O k ab e, C odd and Stew art have been able to d em o n strate th at hydroxylam ine enh an ces the carboxylating activity and inhibits the oxygenase activity of a cyanobacterial R ubisco [1] . A s plant m aterial for the studies in the p resen t p ap e r we have chosen the tobacco au rea m u tan t Su/su [2] [3] [4] [5] w hich, as show n by a n u m b er of lab o rato ries, exhibits an especially high activity o f p h o to resp ira tio n , w hen com pared w ith the wild type [6] [7] [8] [9] . W ith th ese to bacco plants and rib u lo se-l,5 -b isp h o sp h ate carboxyl ase/oxygenase p rep aratio n s from this m u tan t [1 0 ] we have m ade an analysis of su b strate affinity changes in the presence of hydroxylam ine derivatives.
Plant material: T he tobacco aurea m utan t N. tabacum Su/su used in the p resent study has been described first in 1964 by B urk and M enser [2] .
Chloroplast preparations w ere m ade according to H o m an n and Schm id [11] .
W arburg effect m easurem ents w ere carried out as described ea rlier [12] using an I R -C 0 2 A nalyzer (H a rtm a n n . G erm any).
A ctivity o f ribulose-1,5-bisphosphate carboxylase w as m easured according to L orim er et al. [17] . The enzym e was activated also according to L orim er et al. [18] by incubation for 5 min at 30 °C in Tris HCl at pH 8 .
The antiserum to ribulose-1,5-bisphosphate car boxylase was p rep ared according to the m ethods described ea rlier [13, 14] .
The m onospecificity o f the antiserum was verified as described by R adunz [15] . Fluorescence induction kinetics at room te m p era tu re have been analyzed w ith a hom e-m ade device [19] set-up according to the principles described by Jo lio t et al. [20] .
R esults
In the first set of experim ents we have sprayed a tobacco m utant plant with 1 0 -5 m aqueous solution The uncertainty caused by the introduction of substances into the plant by spraying the leaves does not easily perm it the analysis of the depen dence of the W arburg effect on a wide range of compound concentrations. O n the other hand high concentrations of both analyzed compounds are toxic and inhibit the control rate (Fig. lc) . The present figure is a typical experimental series of a total of 17 experiments. The plant material used was 6 weeks old.
Materials and M ethods
of 0 -(p-nitrophenyl)-hydroxylam ine "p roduct 368" [16] o r 0 -(p-nitro-o-m ethylphenyl)-hydroxylam ine "pro d u ct 378" . The q u an tity absorbed by the plant is not defined but w'e have w'etted the p lan t twice w ith in a 2-h interval. T he next day we have m easured the W arburg effect in leaf sections of th e thus treated plant (Fig. la ) . It is clearly seen th a t w ith product 368, photosynthesis, th a t is the C O : fixing capacity u n d er 2 1 % oxygen, is en h an ced to the value of the u n trea ted plant at 3% oxygen partial pressure. This m eans th a t the W arburg effect by addition of product 368, is reduced to practically 0% . A s van A ssche et al. [2 1 ] have recently show n, 0 -(/?-nitrophenyl)-hydroxylam ine changes the conform ation of the fully activated spinach enzym e in the sense th at in the presence of the com pound the n um ber of accessible sulfhydryl groups is dim inished from 12 or 13 SH groups to 8 . If the result in Fig. l a is This p ro duct has at the co n cen tratio n of 10-5 m , at which p roduct 368 acts optim ally, already an inhibi tory effect on the overall rate of photosynthesis, hence is clearly toxic to the plant (Fig. l a ) . H ow ever, at a concentration of 10_h m at which 368 is still fully ineffective this pro d u ct show s a 40% reduction o f the W arburg effect (Fig. lb ) . If the observation with p ro duct 368 and 378 was due to a conform ation al change of the enzym e, induced by the binding of these "effec to r" m olecules o n to the enzym e, this should be easily verifiable: W e have p rep ared R u bisco from Su/su-leaves and have trea ted the acti vated enzym e w ith product 368 and have determ ined w ith the thus trea ted enzym e the titer of a m onospecific antiserum to ribulose-l,5 -b isp h o sp h ate carboxylase/oxygenase. T he experim ent was carried o ut by incubating 1 ml antiserum w ith increasing am o u n ts of R ubisco. T he precipitation resulting from th e antiserum -antigene reaction is separated from the su p e rn a tan t by centrifugation. T he su p er n atan t is then tested for the rem aining antiserum activity by m easuring the p e r cent inhibition of C 0 2 fixation caused upon a R ubisco assay. Fig. 2 clearly shows th a t the n um ber of accessible antigenic determ in an ts is reduced in the presence of p ro d u ct 368 which finds its expression in the fact that (Fig. 3) . In the presence of p roduct 368 and even m ore pro n o u n ced with p roduct 378 the fluorescence rise kinetics is sub stantially slow ed down in com parison to the control. This is in te rp re ted as being due to th e fact th a t the q u en ch er Q stays p rep o n d eran tly in the oxidized condition (in which fluorescence is low ), because electrons from the d o n o r side of PS II arrive too slowly and do not co m pensate electron rem oval from Q by photosystem I. T he inhibitory effect of hy droxylam ine on p h o to sy n th etic electron tran sp o rt is long know n from the literatu re. A ccording to the literatu re hydroxylam ine in suitable co n cen tratio n s inhibits on the d o n o r side of photosystem II [22, 23] . A t certain high co n cen tratio n s hydroxylam ine acts as a w ater-analogue and is electro n d o n o r for p hotosys tem II [22] , This clearly explains the dual effect of 
D iscussion
In the presen t p ap e r we d em o n strate that p h o to respiration is reduced by certain hydroxylam ine derivatives. A s plant m aterial for this dem onstratio n we used the tobacco au rea m u ta n t Su/su which as show n by the literatu re [4, 6 ] is a p lan t with an esp e cially high p h o to resp iratio n . In p articu lar O k ab e [24] and O k ab e and Schmid [8 ] have show n th at R ubisco isolated from this p lan t had an increased affinity tow ards oxygen and a d ecreased o ne tow ards C 0 2 w hen com pared to the green co ntrol. O n the o th e r han d , the p lan t exhibits u n d er conditions, such as high C 0 2 partial p ressure o r low 0 2 partial pressure, which exclude the functioning o f p h o to resp iratio n , m aximal p h o tosynthetic rates w hich are m anyfold higher than those of any g reen plant [3] . W ith this plant m aterial we observe th a t leaves trea ted w ith aqueous solutions of 0 -(p-nitrophenyl)-hydroxylam ine exhibit less p h o to resp iratio n than u n trea ted leaves. It ap p ears th a t th e com pound readily p en e trate s into tobacco leaves, being after a very few hours at its site of action, leading to a reduced p h o to respiration evidenced by a substantial en h an cem en t of C 0 2-fixation rates at the n orm al 0 2 partial pressure o f air (Fig. 1) . W h eth er th e effect is caused by the com pound as such o r a m e tab o lite , prod u ced from it in the p lan t, is not en tirely clear. It ap p ears, how ever, th at the hydroxylam ine derivative acts w ith iso lated. R ubisco from Su/su b ut also w ith the co m m er cially available spinach enzym e from Sigma, inducing an alteratio n o f the enzym e co nform ation. This con form ational change is d ed u ced from th e observation th at the n u m b er of SH groups accessible to the test reagent dim inishes in the presence of the hydroxyl am ine derivative [2 1 ] and th a t th e n u m b er of an ti genic d eterm in an ts accessible in th e enzym e surface to a m onospecific antiserum to R ubisco is reduced in the presence of the co m p o u n d (Fig. 2) . T his seem s to be at least valid for the activated enzym e. It is dif ficult to im agine th at in this isolated system an alter ation of the hydroxylam ine derivative o th e r th an the binding o n to th e enzym e w ould occur. H en ce, the hydroxylam ine derivative b o u n d o n to the enzym e m ight play the role of an effecto r m olecule th at exerts its effect on the en zy m e's conform ation.
